Abstract
Introduction
interaction (Thompson and Burdon, 1992) . This recognition results in intracellular signaling and switching 'on' of plant defense genes leading to plant resistance against pest attack.
The RGAs were first comprehensively studied on a genome-wide scale using the 90 model plant Arabidopsis thaliana and since then, thousands of RGAs from numerous plant 91 genomes have been identified (Meyers et al., 2003; Sekhwal et al., 2015) . Despite the 92 economical and agricultural importance of mango, especially in the tropics, its whole genome 93 sequence (WGS) is yet to be available. Mango is believed to be an allotetraploid (4n=40) with 94 genome size of around 450 Mb according to the on-going WGS effort (Chagné, 2015) .
95
Therefore, no detailed genome-wide analysis of mango RGAs has been performed, which is 
RGA identification and classification
and membrane associated receptor-like kinase (RLK) and receptor-like proteins (RLP) 122 families were identified in the generated gene models from genome annotation using 123 RGAugury (Li et al., 2016) , an automated RGA prediction pipeline. The input protein 124 sequences were initially filtered using BLASTp search against RGAdb database integrated in 125 the pipeline using an e-value cut-off of 1e -5 . The domain and motif of the initial set of candidate
126
RGAs were detected using nCoils (Lupas et al., 1991) , phobius (Kall et al., 2004) 
155

Evolutionary analysis
156
The FASTA amino acid sequences of the 747 core mango RGAs were used to 157 construct a phylogenetic tree. Multiple Sequence Alignment (MSA) of the RGA sequences 158 was performed using the CLUSTALW program (Thompson et al., 1994) The FASTA file corresponding to the RGA transcripts selected for analysis was uploaded into GMATA (Genome-wide Microsatellite Analyzing Toward Application) Software oligonucleotide primer pairs were designed at regions flanking the identified SSRs using the
Results and Discussion
182
Identification of mango RGAs
183
Raw transcriptome sequences from diverse mango cultivars were retrieved, 184 assembled, and the RGAs were identified using RGAugury, an integrative NGS bioinformatics 185 pipeline that efficiently predicts RGAs in plants (Li et al., 2016 
204
Upon comparison to other important agricultural crops, as reported by Li et al. (2016) ,
205
it appears that mango harbors more RGAs (747) than papaya (467) but has lower compared 206 to cacao (1,281), tomato (1,003), corn (1,062), rice (1,652) and banana (892) ( Table 2) .
207
Eventually, the RGA content and characteristics of a plant has been frequently associated 
212
(Table 2) but in monocots such as corn, rice, banana, the TNL protein is usually absent (Table   213 2) (Tarr and Alexander, 2009) . It is hypothesized that after the divergence of dicots and 214 monocots, the TNL genes might have been lost from the monocot lineage (Zhang et al., 2016) .
'other' NBS-encoding proteins (Table 2 ). These were manually checked using the MEME 
260
Other putative resistance proteins abundantly found in mango showed homology to 261 various DRL-coded (Uniprot/SwissProt ID) potential R proteins from Arabidopsis thaliana 262 which have not been fully studied (Supplemental Table 1 ). Homologues to CHS and CHL
263
proteins were also found in mango RGAs (Supplemental Table 1 in the tree, the mango RGAs have become highly diversified and are broadly clustered into 6 334 major clades with many subclades (Fig. 6 ). RGAs having TM-CC domain didn't emerge as a 335 separate cluster but formed subclades all across the tree suggesting that it shares similarity domains such as TM-CC and RLP. Notably, the clade 1 appeared to be the most distantly 
369
These are some factors that could have influenced the complex phylogenetic structure of
370
RGAs of mango, given also that the plant's tropical growing condition provides a thriving 371 environment to a plethora of insect pests and diseases. 
378
composed of tetra-, hexa-, and penta-repeat motifs. AT repeat is the most represented motif 379 among the di-repeats at 12.5%, followed by TC and TA at 11.26% each (Fig. 7) . Meanwhile,
380
AG/CT is the most abundant paired repeat motif among the SSR loci analyzed at 16.56% (Fig.   381   8) . Data on the distribution of R gene motif-linked SSRs (Fig. 9) revealed that RLK has the 382 most number of EST-SSRs designed with 67 markers, followed by RLP and TM-CC motifs at 383 34 and 18 markers, respectively. This distribution corresponds directly to the amount of R 384 genes per category identified in the whole mango RGA transcriptome. 
452
WRR4 encodes a TIR-NB-LRR protein that confers broad-spectrum white rust resistance in leucine-rich repeat domain of the Arabidopsis disease resistance gene RPS5 partially 938  939  940  941  942  943  944  945  946  947  948  949  950  951  952  953  954  955  956  957  958  959  960  961  962  963  964  965  966  967  968  969  970  971 
